We describe a new species of pitviper Popeia buniana from Pulau Tioman, Pahang State, West Malaysia based on it having unique aspects of scalation, body proportions, and color pattern. Its long, thin body is in contrast with the shorter, more robust bodies of other arboreal pitvipers, suggesting it may be an active forager rather than an ambush feeder. Its close relationship to P. barati and P. sabahi of Sumatra and Borneo, respectively, rather than with species of the adjacent Malay Peninsula is in accord with biogeographic patterns of other flora and fauna endemic to the islands of the Outer Arc of the Seribuat Archipelago.
Introduction
Pitvipers of the genus Trimeresurus sensu lato are nocturnal, forest-dwelling species that inhabit a wide variety of environments ranging from secondary lowland forests to primary cloud forests (Malkmus et al. 2002) . It is the largest group of Asian pitvipers and its 40 or so species collectively range from northern India in the west, eastward through the majority of East Asia to Taiwan and the Ryukyu Archipelago, Japan; and southward through the Philippines, Thailand, West Malaysia, Borneo, and the other major islands of the Sunda Shelf (Sumatra, Java, Sulawesi and some smaller islands extending east to Timor; Gumprecht et al. 2004; Malkmus et al. 2002; Manthey & Grossmann 1997; Vogel 2006) . FIGURE 1. The phylogenetic relationships of the southern clade of Sanders et al. (2006) using the taxonomy of Vogel et al. (2004) . Sanders et al. (2006) consider the entire clade to be Popeia sabahi.
These two classifications differed in their phylogenetic placement of the Pulau Tioman population of Popeia. By including the Pulau Tioman population in P. fucata, Vogel et al. (2004) tentatively aligned its phylogenetic relationships with populations of Popeia from the Malay Peninsula. Sanders et al. (2006) , however, demonstrated that the Pulau Tioman population and those from western Sumatra (P. barati of Vogel et al. 2004) and Borneo (P. sabahi of Vogel et al. 2004) , formed an unresolved trichotomy, thus rendering P. fucata sensu Vogel et al. (2004) polyphyletic (Fig. 1) . Although Vogel et al. (2004) noted that the color pattern of the Pulau Tioman specimen was unique, their sample size was too limited (n=1) to make an unequivocal decision as to its species status. Sanders et al. (2006) noted that the Tioman population had a corrected pairwise sequence divergence (ND4 and cytb) of 2.0% from the west Sumatran population (P. barati); 2.6% from a west Malaysian population from Fraser's Hill (P. fucata); and 1.7% from a Bornean population from northern Sabah (P. sabahi). However, their genetic analysis of the Tioman population was also based on only a single specimen.
During a series of herpetological surveys on Pulau Tioman between July 2002 and March 2004, two additional adult males were collected. An examination of the four specimens now in hand confirms this population has the diagnostic character states of Popeia Malhotra & Thrope, 2004 along with a number of unique features that differentiate it from all other species of Popeia regardless of whose taxonomy one follows. Furthermore, this population should not be recognized as P. fucata of the Malay Peninsula (sensu Vogel et al. 2004) because it is most closely related to Sumatran and Bornean populations (Sanders et al. 2006) . Therefore, we use a general lineage species concept (de Queiroz 1998) herein and describe the Pulau Tioman population as a new species.
Material and methods
We choose to follow the taxonomy of Vogel et al. (2004) in our study of the Pulau Tioman population. Although there is general concordance between the lineages delineated by Vogel et al. (2004) and Sanders et al. (2006) , it is our opinion that according species status to the diagnosable, allopatric populations within the more inclusive clade that Sanders et al. (2006) recognize as Popeia sabahi is not only the best way to represent a portion of this group's evolutionary history in a classificatory sense, but facilitates more finely grained, population comparisons. We do recognize that P. fucata (sensu Vogel et al. 2004 ) is polyphyletic (Sanders et al. 2006) but, because it is beyond the scope of this paper to address this issue, we do use P. fucata specimens as our peninsular Malaysian sample. We are aware that this is tantamount to treating P. fucata as a lineage but in this case, it is a logistical practicality that does not alter the species status of the Pulau Tioman population. The taxonomy of P. fucata is being addressed elsewhere (Grismer & Grismer, in prep.) .
Measurements and scale counts were obtained from preserved specimens of Popeia throughout the Sunda Region including four specimens from Pulau Tioman (Appendix). Many specimens pertinent to this study were on loan to, or reserved for, others during our investigation so we have relied on data from Vogel et al. (2004) and their extensive, raw, unpublished data set which they generously made available. Measurements and terminology follow Vogel et al. (2004) . All measurements were taken with dial calipers to the nearest 0.1 mm. Measurements included: Snout-vent length (SVL); tail length (Tal); total length (TL); head width (HW), measured from the widest part of the head posterior to eye; head length (HL), measured from the posterior margin of the mandible to the tip of the rostrum; distance between nostrils (DBN), taken with the caliper tips inserted into the ZOOTAXA nostrils; distance from the anterior edge of the eye to the posterior edge of the pit cavity (DETP); distance from anterior margin of eye to the posterior margin of the nostril (DE TN); distance from the anterior edge of the eye to the rostral scale (DETR); the horizontal eye diameter (HED); the vertical eye diameter (VED); distance of the lower eye margin to bottom edge of the third supralabial (DEL); width of the internasal scale (WInN); length of the supraocular (LSupOc); width of the supraocular (WSupOc); length of the third supralabial (L3SL); height of third supralabial (H3SL); and length of fourth supralabial (L4SL). Several of these measurements were expressed as the morphometric ratios ( Table  2) .
Scale counts taken were supralabials; infralabials; ventral scales; subcaudal scales; number of dorsal scale rows at midbody (NMSR); number of dorsal scale rows one head length behind the head (NASR); number of dorsal scale rows one head length anterior to the vent (NPSR); number of scales between the internasals (NInN); number of scales bordering the supraocular (CSupOc); number of canthal scales between the intranasal scale and the supraocular (Can); number of intersupraoculars forming the shortest line between the supraoculars (Cep); number of head scales on a vertical line from the rostral scale to the limit of the neck (HeSC); number of scales between the third supralabial and subocular (C3SL); number of scales between the fourth supralabial and subocular (C4SL); and number of scales between the fourth and fifth supralabial and the subocular (C45SL). Color pattern characters include presence or absence of dark bands on body (DBB); presence of a line of white, vertebral spots (VS); the percentage of coverage of the scale of the first dorsal scale row by the ventrolateral stripe (VLS/1DSR); presence or absence of a postorbital stripe (POS); color of the postorbital stripe (CPOS), presence or absence of a ventrolateral stripe (VLS); color of the ventrolateral stripe (CVLS); and color of the iris (CI) which is difficult to assess in preserved specimens.
The means of all scale counts and ratios were compared between sexes and between the Pulau Tioman population and all other species using a two-sample Student t-Test assuming equal or unequal variances with a Bonferroni-corrected p value set at 0.05 (i.e. p<0.008). Those that showed significant differences between males and females were scored for males only because the Pulau Tioman sample consisted of just one female. The data from each sex was combined for those characters that showed no significant, sexually dimorphic differences. All analyses were run on Microsoft Office 2005 using Excel 5.0.
Museum acronyms are BMNH (British Museum of Natural History, now the Natural History Museum, London), FMNH (Field Museun of Natural History, Chicago, Illinois), LSUHC (La Sierra University Herpetological Collection, Riverside, California), LSUDPC (La Sierra University Digital Photo Collection), and ZRC (Zoological Reference Collection of the Raffles Museum of Biodiversity Research, National University of Singapore). 44-0.47, x=0.46, sd=0.023 ) than that of male P. barati or P. nebularis and they have a significantly longer tail (Tal/TL: 0.22-0.23, x=0.22, sd=0.006) than that of male P. nebularis and P. popeiorum. Male P. buniana differ from male P. barati, P. nebularis, and P. sabahi in having a postorbital stripe as opposed to lacking a stripe; from P. fucata in lacking white, vertebral spots as opposed to having spots; and from P. nebularis in having a bicolored, ventrolateral stripe as opposed to having a white or blue stripe. Female P. buniana differ from female P. barati and P. nebularis in having a white, ventrolateral stripe as opposed to not having stripes. Popeia buniana differs from P. popeiorum in that the ventrolateral stripe covers 50% of the scale in the first dorsal scale row as opposed to covering 100% of the scale.
Description of holotype. Adult male; body long and thin; head triangular and elongate; snout elongate and pointed; distance between nostrils 2.9 mm, DBN/HL 0.11; distance between pits 6 mm; DBP/HL 0.25; head length 24 mm; head width 15 mm; HW/ HL 0.57, head 10.5 mm wider than neck; SVL 542 mm; Tal 157 mm; 22 dorsal scales one head length behind head; 21 dorsal scales at midbody; 14 dorsal scales one head length anterior to vent; 3 preventral scales (the second and third divided); 170 ventral scales; 78 subcaudal scales.
In dorsal view, rostral large and triangular, followed posteriorly by a large, circular, azygous scale bordered laterally by internasals; azygous scale followed posteriorly by a second, triangularly shaped scale; internasals rectangular, twice as wide as high, bordered posterolaterally by canthals; canthals small, triangular, more rounded distally, twice as high as wide; followed posteriorly by 3 (L) 3 (R) scales; canthals followed posteriorly by supraocular; supraocular three times as high as wide, surrounded by 9 (L) 8 (R) head scales; 13 intersupraoculars along a line between middle of supraoculars; and 32 scales along a line from rostral scale to limit of neck. In lateral view, nares visible; rostral bordered laterally by nasal; nasal bordered ventrally by first supralabial, nasal and first supralabial not fused; supralabials 9 (L) 9 (R); infralabials 12 (L) 12 (R); nasal bordered posteriorly by loreal; loreal bordered ventrally and posteriorly by second supralabial; second supralabial rectangularly shaped, twice as high as wide, upper portion bordered posteriorly by upper and lower preocular; upper and lower preocular thin and rectangularly shaped, three times wide as high; upper preocular bordered ventrally by lower preocular; lower preocular bordered ventrally by second supralabial; upper and lower preocular bordered posteriorly by eye; eight scales surround eye including preoculars; eye followed posteriorly by upper and lower postocular; upper postocular small and square; lower postocular long, rectangularly shaped, three times as high as wide. Mental triangular, equally high as wide, followed posterolaterally by first infralabial; first supralabials contact at midline, four times as wide as high; eight rows of divided gular scales between first ventral scale and first infralabial; genials and chinshields absent.
Color in life. The ground color in life is a pale turquoise with 81 transverse, zigzagging, maroon bands 4.6 mm apart on the body and 39 brownish bands on the tail.
The center of the iris is copper and the outer edges are turquoise. A postorbital, maroon stripe extends 8.7 mm from the posterior margin of the eye to 6 mm anterior to the posterior margin of the mandible. A ventrolateral, white stripe runs the entire length of the body to the tip of the tail and is bordered ventrally by a reddish stripe that runs the entire length of the body before fading into the venter coloration at the base of the tail. The tail is banded in two shades of brown with the ground color being the lighter of the two.
Paratypes. BMNH 2007 (female) differs from the holotype in having 10 supralabials on each side as opposed to nine. It differs further in having six rows of divided, gular scales as opposed to eight, having 61 subcaudal scales as opposed to 78, 11 (L) 10 (R) scales surrounding the eye as opposed to eight (L and R), seven scales contacting the supraocular (L and R) as opposed to 9 (L) 8 (R), 11 intersupraoculars as opposed to 13, three scales between the canthal and the supraocular, in having 10 infralabials on the left side as opposed to 12, and having 34 scales forming a straight line from the rostral scale to the limit of the neck as opposed to 32. In aspects of coloration, it lacks almost all traces of transverse banding and is nearly uniform green and it lacks a postorbital stripe and ventrolateral stripes. Being that the male paratypes are colored like the holotype suggests that coloration in this species is sexually dimorphic. Morphometric differences are presented in Table 3. ZRC. 2.3493 (male) differs from the holotype in having six rows of divided gular scales as opposed to eight, 173 ventral scales as opposed to 170, the second supralabial contacts the nasal scale as opposed to no nasal scale contact, 10 scales contact the supraocular on the right as opposed to eight, there are three scales between the canthal and the supraocular as opposed to two, and there are 30 scales in a straight line from the rostral scale to the limit of the neck as opposed to 32. ZRC 2.6177 (male) differs from the holotype in having five rows of divided gular scales as opposed to eight, 174 ventral scales as opposed to 170, 11 infralabials as opposed to 13, 76 subcaudals as opposed to 78, 24 scale rows one head length behind the head, 18 scale rows at midbody as opposed to 21, eight (L) nine (R) scales surrounding the supraocular, 11 intersupraoculars as opposed to 12, and 31 scales in a straight line from the rostral scale to the limit of the neck as opposed to 32. The dorsal surface of the tail is nearly a uniform reddish-brown as opposed to being banded.
Distribution. Popeia buniana is only known from Pulau Tioman (Fig. 3) , a small island located 38 km off the southeast coast of Pahang State, West Malaysia. The addition of P. buniana to the herpetofauna of Pulau Tioman raises the number of endemic species of reptiles and amphibians on Pulau Tioman to 12 (Grismer 2006) . Life History. Our understanding of the life history of Popeia buniana is limited to observations made when specimens were collected. The holotype was collected on the Tekek-Juara trial at 2230 hours at 295 m in elevation where the lowland dipterocarp forest transitions to hill dipterocarp forest (Latiff et al. 1999) . It was found 10 m above the ground on the end of a tree branch approximately 20 mm in diameter, which was adjacent to the trunk of another tree approximately 0.5 m in diameter. We speculate that the snake was tracking small lizards that might be running along this section of the adjacent tree. -7.21; p=0.0001 t=-6.39; p=0.003 t=-3.60; p=0.004 BMNH 2007 Etymology. The specific epithet is derived from the Malay word "bunian", which is a small, feminine, mischievous, elf or fairy-like spirit believed to inhabit the forests. Our respected friend and guide Mr. Muhamad Ishak Mat Sohor, indicated that the bunian of Pulau Tioman lived in the Tengkok Air Cave near the summit of Gunung Kajang, one of our campsites and collecting localities for this new pitviper. We were cautioned to show respect to the bunian so she would not become angry with our taking of specimens from "her" forest. Therefore, in deference to this belief, we honor the bunian with the feminine patronym buniana, a noun in apposition meaning "Fairy Pitviper".
Discussion
Even with the small sample size of three or four Popeia bunaina, at least 10 characters clearly differentiate this species from all other Popeia in various aspects of squamation, body proportions, and color pattern (Tables 1 and 2) . With a larger sample size and more females, it is likely that P. buniana will be found to differ even further than is presented here. For example, females, like the males, probably have relatively longer tails as suggested by the Tal/TL ratio of 0.22 of BMNH 2007, which falls far outside the range for that ratio of all other species (Table 1) . Similarly, the data suggest that female P. buniana have smaller heads than female P. nebularis (HL/SVL 0.55 vs. 0.62-0.69, respectively; Table 1 ). In males, the means of two other characters, DETR/HL and DETR/HW, are considerably lower than those of P. fucata and P. nebularis. However, with a sample size of only two male P. fucata, one male P. nebularis, and three male P. buniana, the p values greatly exceeded 0.008 even though the ranges (for P. fucata) did not overlap (Table 1) . We had no specimens of P. barati, P. popeiorum, or P. sabahi to examine for these characters. Sanders et al. (2006) clearly demonstrate that Popeia buniana forms a clade with insular P. barati and P. sabahi of Sumatra and Borneo, respectively, rather than with geographically more proximate populations of Popeia from peninsular Malaysia (Fig. 3) as implied by the taxonomy of Vogel et al. (2004;  Fig. 1 ). This biogeographical pattern of being more closely related to species hundreds of kilometers away on other islands of the Sunda Shelf rather than to populations from the Malay Peninsula, just 28 km to the west, occurs in other species as well. Reptiles, such as Gonocephalus chamaeleontinus, Cnemaspis limi, Calamaria ingeri, and Gongylosoma mukutense, occurring on the Outer Arc of the Seribuat Archipelago , are most closely related to Bornean, Sumatran, or Javan species (Grismer et al. 2003; . This biogeographical pattern is not restricted to reptiles but has been reported in mosses (Tan & Mohamad 1999) , decapods , a balitorid loach (Kottelat 1990 ), freshwater gobies , and mouse deer (Adura 1998) . These montane relicts are remnants of lineages that once ranged continuously along a mountainous arc that extended eastward across the lowlands of the exposed Sunda Shelf from Sumatra through the Riau Archipelago, the Outer Arc of the Seribuat Archipelago, through the Anambas and the Natunas archipelagos and on to Borneo, prior to the latest rise in sea level (Inger & Voris 2001; Voris 2000) . Greene (1997) noted that arboreal, active foragers have long, thin bodies and tails and use lateral undulation to counter gravity by spreading their body weight over the branches and foliage in an S-shape. Ambush feeders on the other hand, have short, squat bodies with short prehensile tails that anchor the body to the vegetation and reduce the chances of falling while the forepart of the body is extended. Although inherently difficult to accurately quantify, especially with a small sample size, we believe the thin-bodied morphology of Popeia buniana, as suggested by its high numbers of subcaudal and ventral scales (Table 1 ) and general appearance (Fig. 4) , suggest it may be an active forager. Anecdotal observations made during the collection of specimens support this hypothesis. The holotype was observed at the end of a branch approximately 10 m above the ground with its body in a stretched, S-shaped-position, common to other active foragers and ZRC 2.6177 and LSUDPC 1135 were observed stretched out while moving through vegetation 2-8 m above the ground.
